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Quantum Dots with many electrons
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Spin blockade or Spin anti-blockade?



Metallic guantum dots: many-electron system
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Metallic Quantum Dot: Universal Hamiltonian C?—“'
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Electron-electron interactions in isolated metallic grains

- Mean-level spacing A=(E,.—E,)  (kinetic energy)

- Thouless energy ET ~D-L? diffusive regime

R E E. ~v.L* ballistic regime
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E. = 26_C charge spin superconducting

Short-range interaction E.~|J|~A
Coulomb blockade Scaling:
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What Is a zero-mode interaction?
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Zero-bias anomaly in zero-dimensional systems
” | H,, =E.(n—N)’
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“Orthodox” theory of the
Coulomb Blockade

0.4

ZBA and Coulomb blockade are two limiting cases « v v
of the same theory
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Spin Exchange. Master Equation (classical) Approach
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The width of peak-spacing distribution
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The width of peak-spacing distribution in the presence
and absence of the orbital magnetic field.
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Mesoscopic Stoner Instability
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Isotropic exchange g =1
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Charge and Spin Interactions

H=> eV} ,Vao+ Hc+ Hg
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Commutative algebra Dynamical symmetry U(1)
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Non-commutative algebra

Dynamical symmetry SU(2)



Spectral Density
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Tunneling Density of States
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Quantum Dot Spectroscopy I > A
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Spin channel affects the charge transport _
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Self-assembled quantum dots
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Spin susceptibilities
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Static longitudinal susceptibility diverges at Stoner Instability point

Transverse Susceptibility
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Magnetic instability in a system of coupled dots
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Metallic Quantum Dots: summary
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Conclusions

e Complex quantum dots possess hidden symmetries
responsible for several exotic transport properties of
these nano-devices

e Magnetic correlations between electrons in a dot result
IN many interesting effects (Stoner instability, Kondo effect,
Non-Fermi-Liquid behavior etc)

e Dynamical symmetry explains many known properties and
predicts new effects in low-D nano-objects



